INTRODUCTION
Guava (Psidium guajava L.) is an important fruit crop of subtropical countries. In India, it is grown in almost all of the states. Wilt is the most destructive disease of guava and causes a 5-60% loss in guava production in India. Various pathogens are reported to cause wilt in guava, but Fusarium oxysporum f. sp. psidii (F. o. f. sp. psidii) and F. solani are more widely reported as causal agents of the disease (Prasad et al. 1952; Misra 2006) .
Advances in molecular biology techniques have provided the basis for uncovering a virtually unlimited number of DNA markers. The utility of DNA-based markers is generally determined by the technology that is used to reveal DNA-based polymorphism. The polymerase chain reaction (PCR) technique has created new ways of revealing DNA polymorphisms among closely related genotypes with high sensitivity, via a fast and easy-to-perform protocol. Zimand et al. (1994) used RAPD markers obtained from 9 arbitrary primers to distinguish strains of Trichoderma. Ten of the strains identified as T. harzianum exhibited similarities, and it was possible to distinguish the isolate T-39, used commercially as a biocontrol agent for Botrytis cinerea. For efficient taxonomic identification of Trichoderma spp., Fujimori and Okuda (1993) examined 74 strains by RAPD profiles and the results were consistent with the morphological, physiological and ecological data, which suggested that the technique can aid to eliminate strains duplicated in a program for microbial selection. Using RAPD Schlick et al. (1994) analyzed strains of T. harzianum and mutants induced by gamma radiation originated from a wild isolate, The analysis verified that with RAPD it was possible to differentiate all the mutant strains for at least one primer, concluding that the method was valuable for identification and fast differentiation of strains.
The disease is soil-borne and difficult to control by chemicals. The effect of chemicals is also hazardous for the soil and environment. This can be seen when after application and after the effect of the chemicals diminishes, pathogens become more virulent and aggressive (Misra and Pandey 1999) . Hence, control of soil borne diseases by the biocontrol method is the best solution. Bioagents multiply in the soil, if proper moisture and organic matter are maintained. Biocontrol is a dynamic process and the frequent application of bioagents is not required. Trichoderma sp. has shown its effectiveness towards the control of wilt pathogens of guava (Misra 2006) . Culture filtrate and volatile compounds released by these bioagents have also been found effective against different pathogens (Dennis and Webster 1971; Maththeis and Roberts 1992; Tapwal et al. 2004; Eziashi et al. 2006) .
The aim of the present investigation was to characterize Trichoderma spp. isolates using PCR-fingerprinting with RAPD primers (RAPD-PCR method) and to evaluate the ability of Trichoderma spp. isolates to suppress the growth of Fusarium wilt pathogens of Psidium guajava by in vitro.
MATERIALS AND METHODS

Isolation of bioagents
Seven isolates of Trichoderma spp. were obtained from guava fields. The guava fields which were in different locations (Table 1) . These isolates were identified based on taxonomic keys (Raper and Thom 1949; Rifai 1969) , pure cultured, and maintained on potato dextrose agar (PDA, Hi-Media), then analyzed for genetic variability. Finally three species isolates of Trichoderma obtained from guava field soil, T. harzianum (Tri 1), T. virens (Tri 2) and T. viride (Tri 7) were subjected to in vitro bio-control assay.
Genetic analysis
DNA extraction
Pure cultures of the Trichoderma isolates were maintained on PDA slants and incubated at 28±2°C for 6 days under controlled temperature. Mycelia were aseptically transferred to flasks of potato-dextrose broth (PDB, HiMedia) and incubated for 5 days at 28±2°C without shaking. The mycelia were filtered from the liquid medium and total DNA was extracted according to the protocol of Abd-Elsalam et al. (2003) .
RAPD-primers
Ten oligodecamers OPA 01-5′ CAGGCCCTTC 3′; OPA 02-5′ TGCCGAGCTG 3′; OPA 03-5′ AGTCAGCCAC 3′; OPA 04-5′ AATCGGGCTG 3′; OPA 05-5′ AGGGGTCTTG3′; OPA 06-5′ GCTCCCTGAC 3′; OPA 07-5′ GAAACGGGTG 3′; OPA 08-5′ GTGACGTAGG 3′; OPA 09-5′ GGGTAAC-GCC 3′; OPA 10-5′ GTGATCGCAG 3' (Life Technologies, India) were used for RAPD marker studies.
Reactions and conditions of RAPD-PCR
RAPD-PCR reaction was done in Eppendorf Master Cycler in 25 µl reaction volume containing 25 ng genomic DNA, 0.4 µl (5 pmole) primer, 1.5 µl dNTPs (25 mM), 3 µl of 10 X assay buffer with MgCl 2 (15 mM), 0.5µl (3 U/µl) of Taq DNA polymerase (Bangalore Genei Pvt. Ltd.). The reaction profile was as follows: denaturation for 5 min at 94°C followed by 35 cycles of 1 min each at 94°C and 35°C, followed by 2 min at 72°C, and a final extension for 5 min at 72°C. PCR products were resolved by horizontal electrophoresis using agarose gel (1.2%) with TAE buffer (1%) containing ethidium bromide.
Cluster analysis
The genetic similarity of isolates was assessed, based on RAPD data, using Jaccard's coefficient (Jaccard 1908) . The data was subsequently used to construct a dendrogram with the unweighted pair group method of arithmetical averages (UPGMA) algorithm, as described by Sneath and Sokal (1973) using the NTSYS-software (Rohlf 1998) .
In vitro biocontrol assay
Isolation of pathogens
Five isolates each of F. o. f. sp. psidii (Fop) and F. solani (Fs) isolated from wilted guava roots from different guava growing areas of India were used in the present study (Table 2) . These isolates were subcultured on potato dextrose agar (PDA, Hi-Media) and incubated at 28±1°C for 6 days. The morphological and cultural characterizations of the cultures grown on PDA were studied and compared with those mentioned by Booth (1971) . The reference pure culture of the fungus was also sent to the Indian Type Culture Collection (ITCC), Division of Mycology and Plant Pathology, I.A.R.I., New Delhi-110 012 for the identification of: F. solani [ITCC No. 5208 (F20) and 5212 (F15)] and F. oxysporum f. sp. psidii [MTCC No. 3326 (F24) and 3327 (F30)] was sent to the Microbial Type Culture Collection for identification. These identified cultures were used as reference species. Pure cultures of the isolates were maintained on PDA slants under controlled temperature at 28±1°C. Pathogenicity of these isolates was also confirmed. (Watts et al. 1988) . Mycelial discs of 5 mm each of Fusarium sp. and all bioagents obtained from actively growing colonies were placed on the two halves of the solidified PDA plates. Plates were incubated at 28±1°C for 6 days and growth of Fusarium sp. was recorded. Percentage of inhibition was calculated. Mean PI value of four replicates per isolate was calculated (Grondona et al. 1997) .
Determination of antifungal properties of culture filtrate of bioagents
Three isolates of Trichoderma spp. [T. harzianum (Tri 1)], T. virens (Tri 2) and T. viride (Tri 7) were separately inoculated into 100 ml of potato dextrose broth per conical flask and incubated at 28±1°C for 6 days. After incubation for 6 days, the cultures were filtered through 0.22 mm Millipore filters. The aliquots (2 ml), of these filtrates were mixed with 25 ml of PDA at 45°C. Petriplates were rotated gently so that the culture filtrate properly mixes in the medium. Mycelial discs (5 mm diameter) of the pathogens obtained from actively growing colonies were placed gently in the center of the PDA petriplates. The petriplates were incubated at 28±1°C for 6 days. The growth rate of the pathogens were recorded in 4 replicates by measuring the diameter of colonies. Per cent inhibition was calculated for each replicate (Hutchinson and Cowan 1972) .
Determination of the effect of the volatile compound
The bottom part of petriplates containing solidified PDA media were inoculated in the center with 5 mm discs of each of the Fusarium sp. isolates and all the 3 bioagents (Trichoderma isolates) obtained from actively growing colonies. These plates were placed on each other so that the bottom parts of the plates contained bio-agents and the upper half of the plates contained pathogens. These inverted plates were sealed with parafilm and incubated at 28±1°C for 6 days. The radial growth of the pathogen was measured on the 6th day. The volatile compounds released by bioagents were intended to affect the growth of pathogens. Per cent inhibition was calculated according to Tapwal et al. (2004) .
RESULTS
RAPD analysis
Ten different (OPA 1 to OPA 10) random primers were tested with DNA samples of Trichoderma spp. isolates. Out of twenty RAPD markers tested OPA 01, 03, 05, 09, 11, 15 and 19 which were amplified in all isolates having a product size of 0.564 kbp and 0.125 kbp with OPA 01, 2.322 kbp and 0.564 kbp with OPA 03, 0.564 kbp and 0.125 kbp with OPA 05, 2.027 kbp and 0.564 kbp with OPA 09, 4.361 kbp, 2.322 kbp and 0.564 kbp with OPA 11, 4.361 kbp and 0.125 kbp with OPA 15, 2.027 kbp, 0.564 kbp and 0.125 kbp with OPA 19 respectively along with other polymorphic alleles (Fig. 1) . The largest amplified RAPD product was 6.557 kbp and the smallest was 0.125 kbp. The product of 0.564 kbp was amplified with almost all RAPD markers tested. The number of scorable bands for corresponding primers ranged from 1 to 10 with an average of five bands. A total of 248 bands were scored against 7 isolates of the Trichoderma spp. A 4.66% polymorphism was also found in individual isolates but this polymorphism was not statistically significant (p > 0.05) among the samples. The average similarity per cent, based on amplified RAPD primers, was 61.84%. A dendrogram constructed using the UPGMA method showed two major groups consisting of A) T. harzianum and T. virens isolates, and B) T. viride. It proved that T. harzianum and T. virens are genetically closely related species, with morphological similarity (Fig. 2) . In vitro biocontrol assay When three species of Trichoderma i.e. T. harzianum (Tri 1), T. virens (Tri 2) and T. viride (Tri 7) were directly evaluated against F. o. f. sp. psidii and F. solani isolates, it was found that T. harzianum (Tri 1), T. virens (Tri 2) and T. viride (Tri 7) showed variable results against the different isolates of Fusarium oxysporum f. sp. psidii, while Tri 2 was slightly superior against F. solani isolates (Table 3) .
Tri 7 isolate of T. viride was the best of all the isolates of both the Fusarium sp. (Table 3 ). In the case of the volatile compound Tri 2, it was superior for Fop isolates, and Tri 2 and Tri 7 were superior for Fs isolates (Table 3) . In general, Tri 1 was less effective compared to Tri 2 and Tri 7; however, Tri 7 seemed to be better, compared to Tri 1. The direct inhibition by culture was more effective than toxic metabolites released by isolates of Trichoderma spp. in culuture filtrate or action of volatile compound. 
DISCUSSION
Molecular markers offer a means of constructing quality control tests that are essential throughout the developmental processes of these biocontrol agents. In the case of Trichoderma spp., the quality control test is being evaluated through the production of polymerase chain reaction (PCR) fingerprints by use of semi-random primers designed to primarily target intergenic, more variable areas in the genome (Dubey and Suresh 2006) . Arisan-Atac et al. (1995) studied 11 strains of T. viride, 2 strains of Hypocrea rufa and 9 other species of Trichoderma with relation to the RAPD profile and their ability for controlling Cryphonectria parasitica through pairing in vitro. Gomez et al. (1997) analyzed the RAPD profiles of strains of T. harzianum and classified them in different groups according to their capacity for control of plant pathogenic fungi. Muthumeenakshi et al. (1998) genetically characterized 15 strains of T. harzianum, aggressive for edible mushrooms in the United States and England, using RAPD. The strains were designated "T. harzianum group 4", presenting a high homogeneity degree. Comparison of the molecular data of group 4 with group 2 (the causal agent of the epidemic green mould in industrial mushrooms in England) indicated that the isolates of T. harzianum group 4 were different from that of group 2. Most recently Gopal et al. (2008) investigated RAPD markers to estimate the genetic variation among 17 isolates of Trichoderma. and found them genetically similar showing a 91.8% polymorphism, which corroborates with the observations of our investigation. The RAPD technique was found to be advantageous over other molecular techniques for the genetic characterization of Trichoderma spp. due to the possibility of detecting DNA polymorphisms for very closely related strains (Bardakci 2001; Misra and Gupta 2009 ).
Many studies in the past have proved that Trichoderma spp. was a potential biocontrol agent of several soil borne pathogens (Chet and Inbar 1994) . Kumar et al. (2007) tested three Trichoderma spp. i.e. T. virens, T. viride and T. harzianum against F. moniliforme var. subglutinans and found them effective. Isolates of Trichoderma spp. grew considerably faster than pathogenic Fusaria under the same conditions. The rapid growth gives Trichoderma an added advantage in competition for the space and nutrient with plant pathogenic fungi, even before it develops its arsenal of mycotoxins (Simon and Sivasithaparam 1988) . Trichoderma was also found to control many crop diseases (Singh and Singh 2004; Kidwai et al. 2006) . Our studies clearly indicated that Trichoderma spp. is a suitable antagonistic agent against F. o. f. sp. psidii and F. solani isolates. Gupta et al. (2003) reported responses of different isolates of T. harzianum and T. viride against F. udum in vitro and in vivo, which supports our findings. The consortium of bioagents shall be further investigated. It was concluded that RAPD markers can easily designate and characterize Trichoderma spp. both at the isolate as well as at the species level. In the present investigation OPA 01, 03, 09 and OPA 10 RAPD primers were found to be informative in genetic variability studies for isolates of Trichoderma spp.
